This study examines the possible relationship existing between the HLA-DR gene and attention deficit hyperactivity disorder (ADHD) and/or mental retardation (MR). The diagnosis of ADHD and mental retardation were established through clinical interviews with the parents, children and teachers, according to the criteria in DSM-IV. HLA-DRBI genotyping was performed both by polymerase chain reaction-sequence specific primers (peR-SSP) and by sequence based typing (SBT) in a cohort of 81 affected children and a sample of 100 healthy controls. Here, we report a positive association of HLA-DR4 with ADHD but not with MR. The study adds confirmation to the role of the HLA-DRBI in the etiology of some types of childhood neuropsychiatric illnesses.
Mental retardation (MR) is the most common developmental inability in many countries around the world (1) . It is a non-progressive cognitive impairment more common in males than females and often results as being associated to autism, suggesting . that these conditions are etiologically related (2) . It is characterised by significant limitations both in intellectual functioning and adaptive behaviour, as measured by standardised intelligence tests and parent-reported scales of adaptive behaviour (3) . Attention deficit hyperactivity disorder (ADHD) is a pathology diagnosed in the children who show considerable problems with attention, activity level and impulsivity during the first years of school, that often continues into adolescence and adulthood (4) . The three subtypes of ADHD characterized by symptomatic differences are ADHD-Inattentive Type, ADHD-Hyperactive/lmpulsive Type, and ADHD-Combined Type (3) .
ADHD could be considered a condition to which, often, other neurological disorders are linked, such as reading disabilities (5) , conduct disorder (up to 50% of children), anxiety disorders (25-35%), mood disorders (approximately 15%), learning disabilities (between 20-30%) (6) and affective disorders (7) .
Emerging research suggests that a variety of etiologic factors including both neuro-biologic contribution and genetic susceptibility are responsible for these pathologies (8) .
In fact, on the one hand, it has been postulated that the deficits in vigilance and sustained attention seen in ADHD depend on a noradrenergic (NE) dysfunction, and that, in the case of MR, chromosomal abnormality (9) or prenatal and perinatal factors are responsible for this condition. On the other hand, the neuropsychology, neuroimaging and neurochemistry are not sufficient to explain the etiology of these disorders; molecular genetic studies are also necessary. In fact, many genes, each one with different effects, predispose children to this condition (10) . Besides, it has been suggested that these neuropsychiatric illnessess could be autoimmune and have a relationship with the human leukocyte antigen (HLA). Growing evidence suggests that HLA genes give a strong contribution to 'the pathogenesis of autoimmune diseases, and regarding the DRB 1 gene, a significant association of the DR4 allele with ADHD has been referred (11) . Regarding MR, there are no papers that discuss the existence of an association between the HLA system and this pathology; only in the case of autism (mental retardation is not a mandatory feature of autism, but about 50% of autistic children score in the mentally retarded range on IQ tests) (12) a link was demonstrated both with HLA class I (HLA-A2) (13) and II genes (also in this case HLA-DR4) (14) .
For this reason, in order to clarify whether a relationship exists or not between the HLA region and childhood neuropsychiatric disorders, we studied DR types in two groups of children and adolescents, of which one group was affected by ADHD and the other by MR.
MATERIALS AND METHODS

Subjects
Eighty-one children participated in this study: 37 children with ADHD and 44 children with mental retardation. MR children were free from evident neurological diseases. All the children were recruited and tested at the Clinic of Children's Neuropsychiatric Diseases in L'Aquila, Italy. Children in both groups ranged in age from 2 to 18 years.
Diagnosis ofADHD or mental retardation
ADHD or mental retardation were diagnosed by clinicians using DSM-IV criteria (15) . The Kiddie-SADS Present and Lifetime Version (K-SADS-PL) and the Conners' Rating Scales (CRS) were used to collect additional information on the diagnosis. The K-SADS-PL is a semi-structured diagnostic interview designed to assess current and past episodes of psychopathology in children and adolescents according to DSM-III-R and DSM-IV criteria (16) . The CRS is a widely-used instrument designed for use by parents (Conners' Parent Rating Scale: CPRS) and teachers (Conners' Teacher Rating Scale: CTRS) to assess ADHD in children aged 3-17 years (17) (18) . The CTRS consists of 28 items answered on a four-point Likert scale; 10 of the 28 items specifically assess hyperactivity. The CPRS consists of 48 items, used to assess five different groups of childhood problems, including impulsivity-hyperactivity. All subjects underwent a general physical and neurological examination.
Measures IQ
Cognitive outcome was measured using the Performance IQ from the Wechsler Intelligence Scale for Children -fourth edition (WISC-IV) (19) . ADHD subjects had a score higher than 80 and the children with mild to moderate mental retardation below 80 (from 50 to 70).
Neuropsychological evaluation
The neuropsychological evaluation of the children allowed us to test the attention (Leiter Attention Sustained tests A and B) (20) , the visual-spatial processing (Corsiblock task) (21) , verbal learning and memory (BVN) (22) and the executive functions (Tower of London) (23) .
Control group
100 healthy blood donors were recruited as controls and matched with the patients. A written informed consent was obtained from each participant involved in the study and the study was approved by the local Ethics Committee.
DNA Extraction and Genotyping
EDTA peripheral blood samples were used for DNA extraction by a QIAamp DNA blood kit (Qiagen, Hilden, Germany). After the extraction, the quality of the DNA was tested through a spectrophotometer.
Low resolution typing
HLA-DRB 1 genotyping was performed by polymerase chain reaction-sequence specific primer (PCR-SSP) method using twenty-four primer mixes for HLA-DR (Biotest HLA-SSP; Dreieich, Germany). PCR amplifications were carried out in a GeneAmp PCRsystem 9600 (Perkin-Elmer, Foster City, CA, USA) using the following cycling parameters: 94°C for 2 min followed by 10 cycles of denaturing at 94°C for 20 s and annealing at 65°C for 1 min, then another 20 cycles followed by denaturing at 94°C for lOs, annealing at 61°C for 50 s and extension at noc for 30 s. The PCR products were loaded in 2% agarose gels containing 0.5 mg/ml ethidium bromide, visualised with ultraviolet (UV) illumination and documented by photography.
High resolution typing
The DRB I*04 alleles amongADHD cases were defined by sequence-based typing (SBT). SBT typing is described briefly. Exon 2 of the HLA-DR gene was amplified by polymerase chain reaction and sequenced with the Big Dye Terminator Chemistry (Applied Biosystems, Foster City, CA) in both orientations on an ABI Prism 3100 Genetic Analyzer (PE Applied Biosystems). Sequences were analyzed with the ASSIGN SBT v 3.5 software (Conexio Genomics, Applecross, Western.. Australia, Australia), which detects the heterozygous positions within each electropherogram, and assesses the typing on the basis of an alignment of the processed sequence with an updated HLA sequence library.
Data analysis
HLA-DRB I alleles were analysed according to which broad antigen group they belonged to. This comprised of DRI (*0101 and *0102), DR2 (alliS and 16 alleles), DR3 (*0301), DR4 (all 04 alleles), DRS (all 11 and 12 alleles), DR6 (all 13 and 14 alleles), DR7 (*0701), DR8 (all 08 alleles), DR9 (*0901) and DRIO (*1001).
Differences between HLA-DRBI allele frequencies in cases and controls were evaluated using Fisher exact probability test, and odds ratio (OR, including the 95% CI intervals) was used as the measure of association. The level ofstatistical significance was defined as p<0.05. The Bonferroni adjustment was used to control the type I error in multiple tests (24) .
RESULTS
Eighty-one children (male and female) participated in this study. They were divided into two principal groups: one of 44 children affected by mental retardation and the other of 37 ADHD children with or without comorbidity. The patients were aged from 2 to 18 years, with a mean age of 9.84 years and of Caucasian origin. Fig. 1 presents demographic and diagnostic characteristics of the sample studied.
A sample of 100 healthy blood donors took part in the research as controls and were matched with the study groups. The results of studying DR types in the two patient groups and in controls are shown in Tables I and II. As compared with the control group, patients had a higher frequency of DR4 alleles than control subjects. Specifically, ADHD children were 4.81 times (95% confidence intervals: 1.7899, 12.948), and MR children were 2.76 times (95% confidence . HLA-DR4 frequencies of the ADHD group were significantly different from controls (p<0.05 after correction of the p value by multiplying by 10 to correct for the number of DR types studied), and in the case of MR, even if the frequency of HLA-DR4 was increased in MR children, this finding lost significance after statistical correction for multiple comparison. Frequencies of other HLA-DRB 1 alleles of both the ADHD and MR groups did not differ significantly from those of controls. In addition, Table III presents the number and frequency of DRB1 *04 alleles in the ADHD group compared with those of a reference series of 380 random healthy Italian individuals (25) . in the study was considered as 100%. The age ofchildren ranged from 2 to 8 years old with a mean of 9.84 years old. Panel A shows the percentage ofADHD types (left side) and the percentage ofsexual impact (right side). In pan el B the same param eters were referred to MR. Left: MR types; right: sexual incidence DRB 1*0405). DRB 1*0401 and DRB 1*0404 had higher frequency in the ADHD group than in the healthy Italian population, but was not statistically significant.
DISCUSSION
Several lines of research have provided evidence for a genetic contribution to the multifactorial etiology ofADHD . Family studies have demonstrated an increased prevalence of the disorder in relatives of probands with ADHD after comparison to relatives of normal and; psychiatric controls (26) , and twin studies are con sistent with a moderate-to-high rate of heritability of ADHD (27) . The hypothesis that the genes of the major histocompatibility complex (MHC) have a role in the etiopathogenesis of several neuropsychiatric illnesses is reported by many works (28) (29) .
The MHC region is located on the short arm of chromosome 6 and contains the most polymorphic genetic system. The MHC class I and II molecules have important function s in regulating immune responses to pathogens and have been associated with susceptibility to various autoimmune diseases (29) . This possibility is reasonable also for MR and ADHD. For this reason , it is interesting to find information on the development of these disorders based upon a possible anomaly in function or regulation of the immune system which could be associated with immune deficiency and/or an autoimmune mechanism.
The data presented here support the finding reported by Odell of a role of the HLA-DR4 in the etiology of some cases of ADHD whereas, regarding the MR group , we found no association between HLA-DRB 1 and the pathology. The presence of DR4 results as being associated with an increased risk of developing ADHD. Moreover, since the size of the ADHD group was limited , also representing a faithful indication of the incidence of this pathology in our region, we decided to further analyze, at high-resolution level by SST technique, the ADHD samples that expressed DR4. This methodology allowed us to verify the presented results, avoiding false positive findings. The SST technique highlighted in our ADHD population, four DRBI *04 alleles of which the DRBI *0401 and DRBI *0404 had a higher frequency than the control group. However, since these frequencies did not differ significantly from those ofthe controls, we can indicate only a positive trend of association between the disorder and DRBI *0401 and DRBI *0404. At this moment it is necessary to compare both biochemical and genetic information on ADHD and to identify other possible genes that could be related to this disorder with the aim of conducting studies that test for linkage disequilibrium.
